the background staining was not seen when duplicate blots were probed with the avidin-peroxidase conjugate ( Figure  1B , lanes 5 ′ -8 ′ ) ExtrAvidin ® (Sigma, St. Louis, MO, USA). Unlike the secondary antibody conjugate used in Figure 1A , the avidin-peroxidase conjugate used in Figure 1B did not recognize the electrophoresed immunoglobulins within the immunoprecipitate. Moreover, specific bands of ezrin were readily detected in immunoprecipitates using biotinylated ezrin antibody and the ExtrAvidin-peroxidase, regardless of whether samples were reduced or not ( Figure 1B , lanes 6 and 8). Comparison of serial dilutions of total placental microvilli revealed that biotinylation of the affinity-purified ezrin antibody had little or no detectable effect on its sensitivity or specificity (compare Figure 1A , lanes 1-4, and Figure 1B, lanes 1-4) . Moreover, we have found that the sensitivity and specificity of more than a half dozen other biotinylated rabbit polyclonal antibodies were retained on blots. Because a wide range of biotinylated antibodies from different species is available through commercial suppliers, we speculate that biotin-labeling will also be applicable to many monoclonal antibodies. However, the effect of biotinylation on antibody sensitivity or specificity must be determined empirically for each immunoreagent. Table 1 describes a procedure for biotinylation.
Although ezrin was detected in immunoprecipitates electrophoresed under reducing conditions using the conventional method for blotting, the considerable amount of background staining would preclude visualization of many other bands, especially in the region of the IgG-heavy chain ( Figure  1A , asterisk). However, using the improved method for blotting, it is possible to detect polypeptides even when they co-migrate with the IgG-heavy chain (4). Thus, our improved method considerably expands the number of different-sized bands that can be visualized on immunoblots of immunoprecipitates. In addition, this method is simple, rapid, economical, and requires only small quantities of antibody. (1) and maintaining at the same time the original message profile (2,3). The most important step in this approach, which dramatically influences the final result, is the condition of the ds-cDNA amplification (number of PCR cycles and longevity of different PCR steps). To obtain the best results, PCR should be in the exponential phase of the reaction. Fewer thermal cycles are less likely to generate nonspecific PCR products and are therefore best for optimal cDNA quality. At the same time, it is necessary to produce enough cDNA for downstream applications.
Digital Image Analysis for
Overcycling produces nonspecific PCR products that will be cloned in subsequent steps and substantially contaminate the final cDNA library. Different samples in one experiment, depending on the quality and quantity of initial total RNA, may need different numbers of cycles for successful amplification. Therefore, it is necessary to estimate the quantity and quality of amplified cDNA several times during the reaction. A low quantity of PCR product does not allow multiple measurements of the reaction yield with a spectrophotometer. Estimation of product concentration can be accomplished by spotting aliquots of the reaction on an agarose gel or minigel alongside samples of DNA of known concentration (4). These methods produce a rather rough estimation of the product concentration and were developed for measurement of individual bands. The relative amount of the ds-cDNA product has been evaluated by performing, in parallel with the experimental samples, cDNA synthesis using control mRNA of known concentration (1). During PCR amplification, aliquots of each sample are analyzed on an agarose/ethidium bromide gel until the concentrations of cDNA approach the required level. This technique depends on a researcher's experience in visual estimation of DNA concentrations and can frequently result in over-or underestimating the amount of product.
In the present report, we described a simple, rapid, and robust electrophoresis-based assay for simultaneous evaluation of the quantity and quality of ds -cDNA during PCR amplification. Aliquots of reactions are analyzed by agarose/ethidium bromide gel alongside known dilutions of a 1-kb DNA ladder, and appropriate software is then used for the evaluation of the digital image. A calibration curve is then constructed for the particular gel using dilutions of the DNA ladder, and exact concentrations of experimental samples are subsequently calculated using the composed curve. This method provided rapid and accurate measurements of cDNA concentrations that allowed us to efficiently perform cDNA library construction and subtractive hybridization.
For cDNA library construction, total RNA was extracted from different samples of WI-38 fibroblasts using the TRI -ZOL ® method according to manufacturer's instructions (Invitrogen, Burlington, ON, Canada). Total fibroblast RNA (500 ng) or 250 ng placenta poly(A) RNA were used for the first-strand cDNA synthesis using the SMART III oligonucleotide (5 ′ -AAGCAGTGGTA -TCAACGCAGATGGCCATTATGGC -CGGG-3 ′ ) and CDSIII/3 ′ PCR Primer Lanes 1-5 and 9-13, 5, 10, 25, 50, and 100 ng of 1-kb DNA ladder; lanes 6-8, experimental samples for cDNA libraries construction; lanes 6 and 7, 500 ng total RNA from different sources of WI-38 fibroblasts were amplified for 21 and 25 cycles, respectively; lane 8, 250 ng placenta mRNA was amplified for 18 cycles; lanes 14-18, inserts in the placenta cDNA library were amplified by LD-PCR for 7, 10, 13, 16, or 19 cycles; a band specific for placenta mRNA is visible. Top, digital images of agarose/ethidium bromide gels. Center, analysis of images using the Scion Image software. Bottom, calibration curves for DNA ladders constructed using Excel and data exported from Scion Image.
RNA and the optimal number of thermal cycles may vary significantly between samples of different origin and different models of thermal cycler. The ds-cDNA appears as a 0.1-10 kb smear on the gel, with some bright bands corresponding to the abundant mRNAs specific for a particular cell type. After 15 cycles and after each additional three cycles, 5-µ L aliquots of reactions were analyzed on an agarose gel. For quantitation purposes, 5-100 ng of 1-kb ladder were loaded per lane on the same gel. This ladder has a size distribution very close to those of mammalian cDNAs and consists of 10 bands ranging from 75 to 517 bp and 13 bands from 1 to 12 kb. For a relative measurement using absorbance, it is desirable to have the same molecular weight distribution in both reference and experimental samples. After a short electrophoretic run (10 min at 20 V/cm), we received the digital image of the gel using the Gel Documentation System (UVP, San Gabriel, CA, USA). Any CCD or digital camera producing images in TIFF or BMP format can be used. It is important not to overrun the gel because experimental samples can become invisible over time. The image of the gel containing amplified cDNAs and dilutions of the ladder is represented in Figure 1A . The freeware program Scion Image (www.scioncorp.com) was used for background subtraction and quantitation of integrated optical density in cDNA smears and 1-kb ladder dilutions. Rectangular selection for measurement comprised the entire range of the 1-kb ladder. Primers occasionally can be seen after the RT-PCR but run lower than the first band in the ladder. Any freeware or commercial software intended for the analysis of one-dimensional electrophoretic gels can be used at this step. Data from such software can then be easily copied to the clipboard and processed by Microsoft ® Excel ® or another spreadsheet program. Using the series of 1-kb ladder dilutions, we can use Excel to create a calibration curve for the gel under investigation. It should be mentioned that by its nature the calibration curve is specific for a particular gel, run conditions (e.g., voltage, time, and agarose concentration), and conditions during photography (e.g., exposure time, distance to camera, and illumination). For the image in Figure 1 , the 1-kb ladder concentrations are linear over more than one order of magnitude ranging from 5 to 100 ng. For the measurement of cDNA concentrations exceeding this range, additional dilutions of the ladder can be added, and exposure time should be adjusted. With the help of the calibration curve, the quantity of cDNA in each experimental sample can be calculated.
Simple macros for Excel can addi - Inserts in the placenta cDNA library were amplified by LD-PCR for 7-19 cycles and purified over GFX columns before spectrophotometric measurements and electrophoresis. a Mean ± SD for three independent gels b Lower than the sensitivity of spectrophotometer To confirm the accuracy of the measurements in our assay, we compared data obtained by digital image analysis of gels and by spectrophotometer measurements. Using LD-PCR, we amplified the pool of DNA from constructed placenta cDNA library after 7, 10, 13, 16, or 19 cycles, purified each on a GFX column (Amersham Pharmacia Biotech, Baie d'Urfe, QC, Canada), and eluted products with 50 µ L water. The quantities of the resultant PCR products were estimated after electrophoresis ( Figure 1B) . Using the series of 1-kb ladder dilutions, we created a calibration curve for this gel and calculated the concentrations of PCR samples. In parallel, we quantified the concentrations of PCR products by spectrophotometry on a Hewlett Packard 8451A spectrophotometer. The comparison of spectrophotometer measurements and digital image analysis showed a very good concordance (Table 1) .
Remarkably, we could use only 5 µ L from 50 µ L purified PCR product for digital analysis, but it was necessary to use at least 20 µ L of the same product for spectrophotometric measurement. The use of new intercalating dyes such as GelStar ® (BioWhittaker, Walkersville, MD, USA) or SYBR ® Green (Sigma, St. Louis, MO, USA) for staining of nucleic acids in gels can additionally increase the sensitivity of the entire assay. Digital image analysis not only requires less material than a spectrophotometer but also can be faster, especially when multiple samples are analyzed. This procedure takes only 20 min, including the 10-min gel run.
In addition, the substitution of the DNA ladder for dilutions of total RNA with known concentrations allowed us to use the proposed digital image analysis technique for estimation of the quantity and quality of total RNA samples (Figure 2 ). Note that multiple experimental samples can be analyzed simultaneously in contrast to spectrophotometric measurements. Data generated by digital imaging for total RNA demonstrated good correlation with spectrophotometer measurements (data not shown).
Digital image analysis is becoming a more powerful instrument for life research. We demonstrate that this technique can be successfully implemented for the measurement of ds-cDNA and total RNA concentrations. In comparison with traditional spectrophotometric measurements, digital image analysis has higher sensitivity, demands less material, and is a timesaving tool.
